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doi:10.1016/j.ejvs.2008.11.012Abstract Objectives: Carotid endarterectomy (CEA) is the standard treatment for athero-
sclerotic lesions involving the carotid bifurcation. However, CEA can be challenging under
some conditions. The goal of this study was to determine the outcome and durability of
prosthetic carotid bypass grafting (PCB) with polytetrafluoroethylene (PTFE) grafts as an
alternative to CEA.
Methods: This is a prospective series of 198 consecutive patients with PCB, representing 12.4%
of 1595 patients with a carotid reconstruction procedure performed in our department
between September 1986 and December 2006. Qualifying event was stroke in 67 patients
(34%) and transient ischaemic attack (TIA) in 45 (23%), and 86 patients (43%) were asymptom-
atic. Primary indications for PCB were extensive atherosclerotic lesions (nZ 71; 36%), carotid
stenosis associated with kinking (nZ 49; 25%), recurrent stenosis (nZ 47; 23%), stenosis after
radiation therapy (nZ 18; 9%) and technical failure of CEA (nZ 13; 7%), with excessive arte-
rial wall thinning and perforation after endarterectomy (nZ 10) or intimal flap on completion
digital angiography (nZ 3).
Results: The combined stroke and death rate at 30 days were 0.5% (one stroke). Median follow-
up was 9.5 years (interquartile range (IQR): 6.2e18.3 years). At 10 years, primary patency was
97.9 3.4%. Six PCBs (3.0%) became occluded during follow-up; one patient had a restenosis
greater than 50% and 18 patients (9.1%) had a restenosis of less than 50%. Five patients had
an ipsilateral stroke (one postoperative stroke, one at 103 days with a patent PCB and three
related to occlusion of the PCB at 4, 13 and 15 years after the procedure). At 10 years, cumu-
lative stroke-free survival was 98.4 3.2%, and cumulative survival was 78.8 7.0%.
Conclusions: PCB is a safe surgical alternative and is durable, with a low incidence of graft
restenosis, when CEA seems hazardous.
ª 2008 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.Vascular Surgery Department, Jean Bernard University Hospital, 2, Rue Sainte Opportune, 86000
46; fax: þ33 5 49 50 05 50.
@orange.fr (J.B. Ricco).
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Carotid Bypass 273Carotid endarterectomy (CEA) is the standard treatment for common carotid artery. Arteriotomy was performed on theFigure 1 Proximal anastomosis of PTFE graft on the common
carotid artery (CCA). The artery is clamped on a non-diseased
segment at the base of the neck about 4 cm below the carotid
bifurcation. As shown, during CCA clamping, external carotid
artery and its branches continue to supply blood to the internal
carotid artery.atherosclerotic lesions involving the carotid bifurcation
that has been validated by level-1 studies over the best
medical therapy.1e3 However, in a number of situations, for
example, extensive stenosis of the internal or common
carotid artery, stenosis associated with carotid kinking,
stenosis after radiation therapy and fibrous restenosis,
reliance on CEA may be hazardous.4,5 In these cases,
carotid bypass is an alternative to CEA. We published
elsewhere in 20036 the preliminary results of our experi-
ence of prosthetic carotid bypasses (PCBs) for these
selected indications. The purpose of the current study was
to evaluate the long-term results of PCB in a larger group of
patients with reference to the risks for late stroke and PCB
stenosis or occlusion.
Methods
From September 1986 to December 2006, our surgical
department carried out a total of 1595 carotid artery
procedures for atherosclerotic disease. In 198 of these
procedures (12.4%), PCB grafts using polytetrafluoro-
ethylene (PTFE) were performed and their results are
analyzed in this report.
Operative Technique
The patient was placed in the usual position for CEA with
shoulders propped up using a sandbag. The carotid artery
was exposed along the anterior border of the sternomastoid
muscle from the omohyoid to digastric muscle. The
dissection plane passed in front of the internal jugular vein
(IJV) in 167 patients (84%) and from behind the IJV in 31
patients (16%) who had a re-intervention after CEA or
extensive lesions in the distal internal carotid artery (ICA).
In this subset of patients, the following technique was used:
First, ventilation was performed with nasotracheal
intubation, which permits full teeth occlusion and there-
fore forward displacement of the angle of the jaw (nZ 8).
Nasotracheal intubation also facilitates preoperative ante-
rior subluxation of the condyle (nZ 3).
Second, the ICA was approached from behind the IJV, the
hypoglossal nerve and the vagus being moved medially with
the IJV. After cutting the posterior belly of the digastric
muscle or displacing it upwards using a self-locking
retractor, the occipital artery was ligated and cut; the
superior laryngeal nerve was identified and dissected in
order to flip the vagus anteriorly and over the ICA. In case of
difficulty in separating the hypoglossalevagal confluent or to
mobilise the hypoglossal nerve anteriorly, the carotid bulb
was cut below the hypoglossal nerve and the free ICA was
transposed anterior to it, allowing some additional dissec-
tions (nZ 14). Finally, the distal cervical ICA was controlled
using an occluding catheter (nZ 4). If the atherosclerotic
lesions extended to the common carotid artery, then that
vessel was exposed after division of the omohyoid muscle.
Proximal anastomosis of the PTFE bypass graft wasmade as
follows: after systemic heparinisation (50 UI kg1), the
common carotid artery was clamped at the base of the neck
(Fig.1). In thisway, theexternalcarotidarteryand itsbranches
continued to supply blood to the ICA during occlusion of thelateral side of the common carotid artery and an end-to-side
anastomosis (20-mm long) was made between the PTFE graft
and the common carotid artery using 6/0 Prolene or Gore
CV8 suture. Diameter of the PTFE graft was 6 mm (nZ 124),
7 mm (nZ 59) or 8 mm (nZ 15). After terminating the prox-
imal anastomosis, the ICAwasclamped2 cmdistal to theupper
extremity of the atherosclerotic lesions (Fig. 2). Any air or
debriswithin the lumenwas evacuated via the unattached end
of the PTFE graft before restoring the flow in the external
carotid artery.
The ICA was then clipped 1 mm distal to the upper limit
of the atherosclerotic lesions and a 15-mm long arteriotomy
was made on the ICA distal to this clip. The PTFE graft was
then exposed to arterial tension to facilitate length
measurement and thus avoid tension or kinking in the graft.
An end-to-side distal anastomosis was performed between
the PTFE graft and ICA (Fig. 3). After flushing, the suture
line was tied and the clamp removed from the ICA.
Completion digital angiography was performed in all
patients.
In patients with severe common and external carotid
artery stenosis, and following PCB completion, resection of
the origin of the ICA followed by endarterectomy of the
common and external carotid arteries was carried out and
closed with a patch.
Figure. 2 After terminating the proximal anastomosis, the
internal carotid artery is clamped 3 cm distal to the lesion, and
a clip is placed on the internal carotid artery, immediately
distal to the atherosclerotic lesions. The graft is flushed with
heparin saline, evacuating any air or debris and exposed to
arterial tension to facilitate PTFE graft length measurement.
Figure 3 Distal end-to-side anastomosis is made between
the PTFE graft and internal carotid artery. After flushing,
suture line is tied under pressure, and the clamp is removed
from the internal carotid artery. End-to-side anastomosis is
preferred to end-to-end anastomosis in extensive lesions when
the posterior wall of the internal carotid artery is thickened.
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common carotid artery or innominate artery trunk, prox-
imal anastomosis was performed on the ipsilateral subcla-
vian artery (nZ 3) or the contralateral common carotid
artery (nZ 4).
These patients received aspirin 1 week before surgery
and were operated under general anaesthesia without
neuromonitoring. A carotid shunt was used selectively in 25
patients (12.6%). Indications for shunting were: (1) patients
operated within 15 days after a stroke, (2) patients with
contralateral carotid occlusion and (3) patients with a poor
backflow from the ICA after clamping despite a mean
arterial pressure >100 mmHg. The shunt was placed at the
beginning of the procedure in the distal internal and
common carotid artery. To allow extraction of the shunt,
the last fourth of the proximal anastomosis suture was left
open. Distal anastomosis was performed in a similar fashion
with the shunt in place. Both anastomoses were terminated
after shunt removal.
Patients
Median patient age in the PCB group was 70.8 years (range:
47e92 years). The degree of carotid stenosis according to
NASCET criteria3 is shown in Table 1 and the risk factors inTable 2. Neurological status of the patients, at the time of
admission, was graded with the modified rankin scale7
(Table 3). The most common indication for PCB was
extensive atherosclerotic stenosis with involvement of both
the common or distal ICA (Table 4). Other indications were
extensive carotid stenosis associated with kinking, recur-
rent stenosis, stenosis after radiation therapy and technical
failure of CEA. The causes for technical failure of CEA were:
(1) transmural atherosclerotic involvement resulting in
excessive arterial thinning or perforation of the wall during
endarterectomy and (2) distal intimal dissection after
endarterectomy detected by completion arteriography.
Technical failure, in which PCB was an alternative,
accounted for 0.9% of the 1397 CEA performed during the
study period.
Table 1 Degree of carotid stenosis in this series of 198
patients with carotid bypasses. Measurement of stenosis
was performed according to the criteria defined in the
NASCET trial3
Degree of carotid stenosis Carotid arteries %
Operated side
50e69% 24 12
70e89% 101 51
90e99% 73 37
Contralateral side
0e50% 104 52
51e69% 61 31
70e89% 11 6
90e99% 4 2
100% 18 9
Among the 15 patients with contralateral carotid stenosis 70%,
11 were operated on the contralateral side with eight carotid
endarterectomies and three carotid bypasses.
Table 3 Preoperative neurologic symptoms observed in
this series of 198 patients with a carotid stenosis treated by
a carotid bypass
Neurologic symptoms Patients %
Asymptomatic 86 43
Transient ischaemic attack 45 23
Non-disabling stroke 67 34
MRS: 0e1 31 (16)
MRS: 2 25 (13)
MRS: 3 11 (5)
Assessment of the neurological status was performed on
admission by the neurological staff using a modified rankin scale
(MRS).7 Among the 45 patients presenting with transient
ischaemic attack, 13 had amaurosis fugax.
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The patients were followed up by a vascular surgeon and
a neurologist. This follow-up included clinical examination
by the neurologist and colour duplex scan of the arteries to
the head before discharge, at 1 month and yearly there-
after. Restenosis was defined by a peak systolic velocity
(PSV) recorded in the surgically treated carotid artery
>150 cm s1, corresponding to a stenosis >50% according to
the NASCET criteria. Severe restenosis was defined by
a PSV> 300 cm s1, or PSV> 250 cm s1 and end-diastolic
volume (EDV)> 100 cm s1, corresponding to a stenosis
70% according to the NASCET criteria.8 The ultrasound
diagnosis as restenosis was confirmed by magnetic reso-
nance angiography.
Statistical Analysis
Cumulative statistics with calculation of the 95% confidence
interval (CI) was performed to determine survival, stroke-Table 2 Demographics, risk factors, associated diseases,
and current medication of 198 patients with internal carotid
stenosis treated by carotid bypass
Characteristics Patients %
Male 135 68
Age: years median [range] 70.8 [47e92]
Risk factors
Smoking 136 69
Hypertension 121 61
Hyperlipidaemia 81 41
Diabetes 59 30
Coronary artery disease 81 41
Prior CABG or coronary angioplasty 36 18
Peripheral arterial disease 91 46
Medical treatment
Antiplatelet drugs and statins 172 87free survival and freedom from recurrent stenosis >50% or
occlusion. Prism statistical package (GraphPad Software,
Inc.) was used for calculations.
Results
The combined stroke and death rate at 30 days were 0.5%.
There was no death except for one postoperative stroke. In
this patient, completion arteriography and postoperative
duplex scan demonstrated a patent PCB with no abnor-
malities, suggesting that embolism was the most likely
cause of stroke. The median operative time was 2 h and
05 min (1 h 25 mine3 h 30 min), and the median clamping
time was 42 min (31e51 min). No prosthetic infection
occurred in this series. All postoperative complications are
listed in Table 5.
Median follow-up was 9.5 years (interquartile range
(IQR): 6.2e18.3 years). Twelve patients (6.0%) were lost to
follow-up. Cumulative survival was 78.8 7.0% at 10 years
(Fig. 4). Colour duplex scan demonstrated occlusion of the
PCB in six patients at 40 days, 109 days, and 2, 4, 13 and 15
years, respectively. Three of the six patients with PCB
occlusion were asymptomatic, and three had a stroke with
a modified rankin scale,7 of 3, 3 and 4, respectively. InTable 4 Indications for carotid bypass in 198 patients
Type of carotid lesion Patients %
Extensive lesion (common and
internal carotid artery)
71 36
Stenosis associated with
kinking
49 25
Recurrent stenosis 47 23
Stenosis after radiation
therapya
18 9
Technical failure of
endarterectomy
13 7
Penetrating atheroma with
arterial wall perforation
(10) (5)
Intimal flap on completion
angiography
(3) (2)
a Including six patients with tracheotomy.
Table 5 Postoperative complications after carotid bypass
in 198 patients
Complications Patients %
>Stroke 1 0.5
Any death 0 0
Transient ischaemic attack 2 1
Peripheral nerve paralysis 5 2.5
Cervical haematoma 2 1
Superficial infection 1 0.5
Myocardial infarction 4 2
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occlusion did show only moderate restenosis (<40%) in
three of them. The cause of occlusion could be determined
in only one case, that is, thrombocytopenia. One patient
had an asymptomatic recurrent stenosis >50% located at
the proximal graft anastomosis on the common carotid
artery. This restenosis was treated with a new PTFE graft.
In addition, a recurrent stenosis involving <40% of the
diameter was found in 18 patients (9%). These restenoses
were located in the common carotid artery (nZ 8) at the
proximal anastomosis of the graft on the common carotid
artery (nZ 6), and at the distal anastomosis of the graft on
the distal ICA.4 These restenoses remained stable and
asymptomatic.
Primary bypass patency was 97.9 3.4% at 10 years
(Fig. 4) and the cumulative stroke-free survival was
98.4 3.2% at 10 years (Fig. 4). Five patients had an ipsi-
lateral stroke during follow-up: one postoperatively, one at
102 days with a patent bypass and three related to occlu-
sion of the bypass at 4, 13 and 15 years, respectively, after
the procedure. Two of these strokes were lethal. No
contralateral stroke occurred during follow-up.Figure 4 Life-table curves for patients. Neurological events:
cumulative stroke-free survival was 98.4 3.2% at 10 years
(red line). Bypass patency: cumulative primary patency was
97.9 3.4% at 10 years (blue line). Patient survival: cumulative
survival was 78.8 7.0% at 10 years (green line). The number
of patients at risk for each interval is given for each series.Discussion
In our practice, CEA remains the standard for severe
atherosclerotic carotid artery disease; however, this study
demonstrates that in selected indications, PCB can be
performed with a combined stroke and death rate compa-
rable to that observed in the best CEA series.2,3,9,10 This
finding is in agreement with the experience of Cormier
et al.4 which describes, among others, this technique in
France in the 1980s.10e13 Good results of carotid bypass are
not surprising. In almost every location other than carotid
bifurcation, bypass has replaced endarterectomy. In addi-
tion, these prosthetic bypasses are relatively short in length
with a high flow and no risk of kink.
In this series, PCBwas used as an alternative to CEA in 12.4%
of the 1595 carotid procedures carried out over the study
period. Like other groups,we only performed carotid bypass in
selective cases because of the thrombogenic potential of the
PTFE graft surface in comparison with that of a CEA that gives
excellent long-term results for standard lesions.
In patients with extensive atherosclerotic lesions, pres-
ence of a thick plaque on the common carotid artery leaves
a step at the proximal end of the endarterectomy. Archie14
showed that the presence of a step >2 mm could cause
embolism and restenosis. In addition, extended open endar-
terectomy creates a long endarterectomised thrombogenic
zone. In these cases, PCB is the simplest and safest modality.
Treatment alternatives for atheromatous stenosis asso-
ciated with kink of the ICA include eversion CEA.5,15 This
excellent technique, which does not require any prosthetic
graft insertion, is difficult in the presence of a high carotid
bifurcation or extensive lesions. In fact, most residual
stenoses after eversion CEA are located in the common
carotid artery.5 In these patients, PCB is probably a good
alternative to eversion endarterectomy.
Recurrent stenosis after CEA accounted for 23% of carotid
bypass procedures. In this setting, repeat CEA with patch
angioplasty has been used with success, especially when the
lesion develops late due to atherosclerotic progression.16,17
However, Gagne et al.18 documented further restenosis or
occlusion in 20% of cases treated by repeat CEA. In the
present study, no further recurrence was observed after
treatment of restenosis by PCB. In general, repeat surgery
for CEA restenosis is associated with a combined stroke and
mortality rate of less than 5%. This is within the guidelines
recommended by the NASCET and the Ad Hoc Committees of
the American Heart Association on Carotid Surgery Stan-
dards.19 There were no operative deaths in our series and
also in others.20 When the results reported herein are pooled
with that of 29 studies on secondary carotid operations
published during the last 25 years.21 The 30-day combined
stroke and death rate range from 0% to 5.4%, with excellent
long-term results. Single-centre non-randomised studies on
the treatment of recurrent stenosis by carotid angioplasty
(CAS)21 have claimed comparable perioperative results for
CAS and repeat CEA. However, although relatively safe in the
short-term, CAS has shown limitations in its durability.22 The
claimed higher complication rate after re-operative carotid
operation is particularly related to the risk of injury of the
cranial nerves, but this could not be confirmed in our series
and in others.21 In our study, there were only five cervical
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were reversible.
There is, however, an unanswered question concerning
the best open surgical technique for secondary carotid
operation, and there is also no prospective randomised trial
addressing this issue. However, a survey of the pooled
outcomes of recent series shows that repeated endarter-
ectomy with saphenous or polyester patch, and PTFE
bypass grafts, gives equal outcomes, but PTFE appears as
the material of choice because of its excellent performance
as a bypass graft.20
In patients with carotid stenosis after radiation therapy,
CEA is difficult because the lesion is usually extensive and
inflammatory. Eighteen (9%) of the carotid PTFE graft
bypass procedures in this study were carried out after
an unsuccessful attempt to perform endarterectomy in
patients presenting with carotid lesions after radiation
therapy. Cormier et al.12 observed one vein graft necrosis
in a series of 27 saphenous vein bypass done for radiation
arteritis and no complication with PTFE grafts (nZ 13). In
our series, all 18 PTFE carotid bypasses performed for
radiation arteritis lesions were patent without restenosis or
other abnormality. In this setting, CAS has been proposed as
an alternative to open surgery to lower the risk of compli-
cations. However, there are little data to support the
benefit of this strategy. Favre et al.23 recently reported the
immediate and mid-term results of a large multicentre
retrospective study of CAS (nZ 138) for irradiation-induced
carotid artery stenosis. The immediate outcome of CAS was
satisfactory with a 30-day stroke and death rate of 1.5%,
but the incidence of anatomical events such as thrombosis
(nZ 9, 6.5%) and restenosis (nZ 18, 13.0%) was higher
than the one obtained with open surgery in our series and in
other series by Kashyap et al.24 and Leseche et al.25
Currently, there are no prospective studies with sufficient
power to determine significant differences between CEA
and CAS for restenosis or carotid stenosis after neck irra-
diation. The only way to compare one treatment with
another would be a randomised controlled trial.
Immediate technical failure of CEA was another indica-
tion for PCB. It occurred in only 13 of the 1397 CEA
procedures (0.9%) performed during the study period and
accounted for 7% of our indications for carotid bypass. In
most cases, CEA failure was due to either the difficulty
associated with treatment of massive calcified lesions of
the common or the ICA or perforation of the arterial wall
during endarterectomy of transmural atherosclerotic
lesions. Other causes included suture stenosis, kink-related
narrowing and distal intimal flap after eversion or open
endarterectomy. In these cases, immediate conversion
from CEA to PCB appears to be the best option.
When performing a carotid bypass, the surgeon is faced
with the choice of the graft material. Autologous greater
saphenous vein has been considered by many surgeons as
the material of choice for this type of procedure.11
However, adequate length, absence of valves, diameter
>4 mm and excellent vein wall texture are essential for
success.13 Great saphenous vein segments with smaller
diameters or thick walls are prone to early thrombosis and
stenosis, and larger segments are prone to aneurysm. In
a series of 38 venous carotid bypasses, Berguer et al.26
observed two restenoses involving saphenous veins witha diameter <4 mm. In another series of 50 venous carotid
bypasses, Lauder et al.27 observed severe recurrent
stenosis or occlusion in seven patients (14%) within 18
months of surgery. An added disadvantage of vein grafts
involves the fact that it is necessary to harvest the greater
saphenous vein at the thigh level to obtain a segment of
adequate diameter. Our results, following those of Roddy
et al.28 and Dorafshar et al.,29 demonstrate that PTFE is
adequate for carotid bypass and could be used routinely
when this technique is indicated.
Finally, attention to technical details is essential for
a successful PCB. Measurement of the graft length should be
accurate so that the distal anastomosis can be made without
tension or kink after clamp removal. Implantation of both
ends of the bypass graft on a non-diseased artery is also an
important point to avoid residual stenosis. In patients with
extensive lesions on the distal ICA, the steps used to enlarge
distal exposure should be known. Nasotracheal intubation,
which permits forward displacement of the angle of the jaw,
should be used together with an approach of the ICA from
behind the IJV with a section of the occipital artery, and
access from the carotid bifurcation up to C1 level.
Distal anastomosis should also be done carefully. We
recognise that from a theoretical point of view, an end-to-
end anastomosis has a better haemodynamic profile than
that of an end-to-side anastomosis, but a prosthetic CBP has
some special features that should be taken into consider-
ation. The PTFE graft is stiffer than the carotid artery to
which it is anastomosed, and the diameter of the ICA is
between 3.5 and 4.5 mm, significantly lesser than the
smallest non-thrombogenic PTFE graft (6 mm) available.
Using an end-to-end anastomosis with an oversized PTFE
graft is not ideal.30 A spatulated end-to-end anastomosis
may solve this problem in part, and we use this technique in
some cases. However, an end-to-side anastomosis is easier
to construct in high carotid lesions and to avoid the risk of
anastomotic stenosis.4 Another disadvantage of the end-to-
end anastomosis is that complete section of the ICA in
patients with plaques extending on the posterior wall can
lead to dissection or poorly controlled plaque disruption. In
contrast, end-to-side anastomosis is made on the usually
healthy anterior wall of the artery. In addition, placement of
a clip close to the heel of the anastomosis prevents a cul-de-
sac situation with turbulence, collection of thrombus and
embolisation, and converts the end-to-side anastomosis into
an effective end-to-end haemodynamic configuration.
In conclusion, if CEA remains our standard for athero-
sclerotic carotid artery lesion, PCB is a safe alternative to
CEA for unusual lesions, such as recurrent stenosis, post-
radiation arteritis, combined atherosclerotic lesion and
kink. In addition, when a bypass is indicated, we advocate
the routine use of PTFE.
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